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•pjT F OF PCVPfflOM 

USE OF HYALURONIC ACID AND FORMS TO PREVENT ARTERIAL 

RESTENOSIS 

p^nnF !NJV^j-noM 

5 This uivention relates to the prevention of the r*axrowing (stenosis) 

of tubular watts of an animal after the tubular walls have ban tmxmitizcd In 
one embodimmi, this invention relate* to the pwvenuon of arterial restenosis 
after battoon angioplasty. 
ftArreRnoMD op the TNTVgNrnoKr 

ID Balloon angioplasty is a wider/ accepted method of opening 

blockages in the coronary arteries. However in son* patients after successful 
treatment by balloon angioplasty, arterial restenosis occurs. This time howe v er 
the narrowing of the inner diameter OD) of the artery is caused by growth 
(proliferation) of endothelial cell* in the areas of Irritation caused by the balloon 

15 angioplasty. Thus rebloclcage occurs not by cholesterol build-Bp but by bufld up 
of ffwWhrfut cells on the inner wall of the artery reducing me inner diameter 
OD) of the artery leading to an infarct This narrowing of the Inner diameter CCD) 
of tubular walls or proliferation of celts Is not however re suic ted or limited so 
the coronary arteries, li can also occur post operatively causing restenosis tn for 

2D example peri ph eral vascular systems. 

A number of proposals have been made in the prior art to prevent 

restenosis. 

VS. Patent 5,067,244 (Wolinsky et aL) purports to teach the use of a 
catheter having an inelastic balloon at one end thereof, where me balloon has 
25 minute perforations and contains a cor u grur a ted heparin solution which wQl be 
released through the perforations contacting an area of the artery after 
angioplasty to prevent restenosis. 

VS. Patent 5,116,864 (Hathaway et al.) purports to teach the 
prevention of restenosis m peripheral or cardiac vascular system* after vascular 
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recanilisation by systemic •dmtaistrttkm of photo actrvetaole pcortlen to give 
terum psoralen levels which inhibit amooth muscle cell growth. 

US Patent 5,092*41 (Spears, JJL) purport* to teach the treatment of 
in arterial wail Injured during angioplasty by delivering bk^tot^v* a»t«riil 
between the waD and the angioplasty catheter so that the bio-protective material 
is entrapped »nd permeates into the titsues and veasefc of the arterial wall 
during opposition of foe angopluty catheter. 

EP 356275-A (Petitou ct iL) purport* to teach the use of new o» 
acyUted glycosaznir*>-glycan derivatives In the inhibition of p<*Krperative 



10 



15 



BcrJc, B-CetalmtheJ.Ain.CoIL Cardiol dated 1991 Ve»L 17 f* 
Supplement B, pp 111M17B purports to discuss the pharmacologic roles of 
heparin and ghiCDCcrtiooidi to prevent restenoab after coronary angioplasty. 

WO 9209561 Otoh et al) purports to teach the me of new ACAT 
tahiWting amide derivatives in treatment of restenosis after percutaneous 
tnuisluzruna) coronary angioplasty. 

WO 9206472 (Scarborough et al> purportt to leach the uae of platelet 
anuadhesive pepodett obtained from snake venom for the preventicm of 
mtenoab following angioplasty. 

WO 9207852 (Bovy et aL) purports to teach the use of certain 
eaphenyjalkyl xanthine derivatives to fwerent pc^-angxopUsty mtenoeis. 

WO 92057B2 CPU1, P purports to teach the use of thit«tooxarie-A2- 
receptor antagoniats CD in the preparation of medicaments for tahWtioti of 
proliferative developments in obstructive vascular disorders ie. arterial 
mtenoais- 

WO 9118639 (GA) et at) purports to toach the inhibition of atenoaU 
after balloon angioplasty, by the administration of fibronectm by cordtaoous or 
bolus infusion, or by direct infusion into me stenotic region via the angioplasty 

catheter. 
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CA 2JD1Z159 laid open application (Ondettl el al) purport! Id teach 
the use of ACE inhibitor (via the oral or parenteral route) far preventing or 
reducing the risk of restenosis following angioplasty. 

VS. AJS79JSOZ (Harker, et el) purports to seech ■ method of 
5 mhlWtmg arterial restenosis by sdxrunistrsiion of r>phanyl alanyVprolyJ-axginyl- 
balomeihyl ketone peptide derivative or a hydiolalm add addition thereol 

US. 4^20,732 (Shell et al) purport* to teach a composition 
containing a prostaglandin compound for the reduction of restenosis and abrupt 

•tCDOCtf. 

10 Applicant U also aware of a company aycomed developing ft 

fegment of Hepaiin mat prevent* erte^ 

m the bask research effort* in the Utter 70s and the sorty ft?*, there 
erirted considerable confusion as to what role immunotherapy should take m 
cancer. Activation or typing* of macrophages was thought to be important 
15 However, in an rrnrn™**^"* by Romans and Falk of peritoneal macrophages 
obtained tan patients with neoplastic disease, there wis definite evidence mat 
these macrophages were already acthrated yet were cc-^ting wlm 
end not causing their destruction. 

It has been shown by several independent investigators that the 
20 malfunction of macrophages or the putitive block is due to excessive 
prostaglandin and that this can be altered in tissue culture by corticosteroids, 
ASA, and the nonsteroidal enbVinflammatory drugs, Le, indomethadn, and 
naproxen (Naprosyn'-). Again, in animal tumors it was repeatedly 
demonstrated mat these substances could alter the response to neoplastic cells 
2* and that various combinations of these substances employed with immune 
enhancing agents could produce very credible success in eliminating 
experimental tumors, U2a and co-workers combined Indomethadn therapy 
with IntrrVr"^ 2 and showed that this could effect a cure with experiment 
neoplasm. 
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There were continued problems with the use of any of toe agents 
in the actual human in vivo experience. AD of the non-steroidal anti- 
jnfl22nmatory agents (N5AID) produced major tnxidty in terms of gastro- 
intestinal, neurological, and other treat. Thus, the basis of the present approach 
5 it that order general circumstance* the use of these agents in human disease, in 
sufficient amounts, the drug wSU penetrate to any pathological tissue to alter 
therapeutically local prostaglandin production. While intravenous preparations 
east of bidomethadn and now of other agents, the data is orerwhelnung, as is 
onr own ex perience, that using these drugs alone produces prohibitive side 

10 effects m human subjects. Therefore only intu&aeni amounts can be brought 
into the body to effect more man occasional responses in neoplasm. 

However the majority of the evidence Is present to indicate and 
therefore it can be postulated that the basis for neoplastic development and how 
the initial cell "sneaks by* the immune surveillance mechanism relates to Its 

15 production of prostaglandin. One need postulate only one mutation to alter the 
amount of prostaglandin synthesis produced by cells when they become 
"malignant* to establish a mechanism oi blocking out the initial cell in any 
immune reaction, Le. the macrophage. It therefore became rasmrUl to develop a 
combination of KSAXD5 for rtinira! use to produce a major improvement in 

20 response in neoplastic disease and other conditions where excessive 
prostaglandin synthesis represents the basis of the pathogenesis of this disease 
state, Le arthritis, and various others of the so-called connective tissue 
inflammatory disorders and/or auto^aggreasive diteirri 
See also: 

25 1. Modulation of Immunity in Cancer Patients by Prostaglandin 

Anugonists, Immunity to Cancer IL Alan & lis*, mt; and 

X Goodwin, JS. (1981) Prostaglandin E and Cancer Growth 
Potential for Immunotherapy with Prostaglandin Synthesis Inhibitors, 
fVlsTTTPtiYT A?"* " Cancer Therapy. Seven Press. New York. 
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It U therefore an object of this invention to provide a method of 
treatment and formulationi and pharmaceutical compositions for preventing 
arterial restenosis after balloon angioplasty when endothelial cell proliferation 
occur* on the inner arterial wall cauaed by irritation to the otJU by balloon 
S angioplasty. 

It is a farther object of the invention to provide auch treatment 
using hyaluronic add which it safe and essentially narrtoxk. 

Further and other objects of the invention wiB be realized by 
persons skilled m the art from the following summary of the invention and 
10 discussion with respect thereto. 

StTMMARY OP THE WVEhJTIOfJ 

Applicants believe that forms of hyaluronic add (especially 
hyaluronic add and salts thereof) wilj prevent stenosis of the inner diameter CEP) 
of irritated tubular walls and particulariy prevent restenosis of tine arterial walls 

15 by tor example the proliferation of endothelial cells as a result of irritation 
arising from balloon angioplasty. The forms of hyaluronic add (for example 
hyaluronic add and salts of hyaluronic add) can be administered intravenously 
or by injection (in the case of direct injection of small amounts) in effective 
amounts of about 10mg/70kg person to in excess of 3000mg/7Dkg person. 

2D Therefore according to one aspect of the invention, there is 

provided a proces* fee the prevention the tubular walls of an 

animal after the tubular watts have been traumatized (for example wherein tie 
tubular walls are arteries which have been subjected to balloon angioplasty) the 
process comprising the administration of a therapeutically effective non-toxic 

25 amount of hyaluronic add and/or salts thereof and/or homologies, analogues, 
derivatives, complexes, esters, fragments and subunits of hyaluronic add to the 
animal to prevent narrowing of the tubular walls* Preferably the form of 
hyaluronic add is hyaluronic add and salts thereof. The amount of the form of 
hyaluronic administered is preferably b e tw e en about lumg/TQkg person and 
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•boat 3OO0tong/7C&g person. 

Titus according to another aspect of the invention, a process is 
provided for the prevention of arterial restenosis after ballocm angioplasty in • 
human, the process comprising the administration of a therapeutically effective 
5 non-toxic amount of hyaluronic add and/or salts thereof and/or homologues, 
analogues, derivatives, complexes, asters, fragments, and summits of hyaluronic 
add to the human to prevent arterial testenosU. Once again preferably the form 
of hyaluronic add is hyaluronic add and salts thereof and freferabty the amount 
of {he form of hyaluronic add administered is between about I0mg/70fcg person 

10 and about 3000mg/70kg person*. 

The compodtion* are pre fe r a b ly administer**! Intravenously in a 
liquid form and include suitable diluents or other adjuvants as re qui ted for 
adxninistratkm. With respect to small amounts to be administered, they may be 
administered by injection piefciably at of penadmite the site to be treated. 

15 A therapeutically affective amount of a non-steroidal anti- 

inflammatory drug CNSAID) for enhancing the effect of the sons of hyaluronic 
add administered in the prevention of she narrowing of the tubular walls may 
be administered with the form of the hyaluronic add. The addition of the non- 
steroidal anb^nflammatory agent wiD enhance the activity of the hyaluronic 

20 add m preventing the narrowing of the tubular walls for example arthancing the 
arterial restenosis prevention effect of the administered hyaluronic add and/or 
salts thereof The NSAID may be cn NSAID suitable for the purposes and which 
may comprise Diclofenac, bulomethadn (sohibiiixed in N-Methyl Qucamine), 
Firoxicam, the trcrotramine salt of Ketorolac, acetyisalicytic add. Naproxen and 

25 the Eke. The amounts of NSAID may be appropriate accepted doses preferably 
administered to patients. In some cases dose amounts up to lOmg of the 
NSAID/ag of body weight (far example l-2mg of NSXD/kg of body weight) art 
suitable. With Diclofenac much larger amounts are appropriate. Where greater 
than normal amounts of NSAIDS are used, in order to reduce aide effects caused 
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by excess N5ATD Administration, greater than about 200mg of the form of 
Hyaluronic Acid (HA) per 70kg person may be adminittered to reduce and 
eliminate the aide effecti such as gastro-intestinal distresi, neurological 
abnarxnalibcs, depression, **Cv 
5 A therapeutkaBy effective amount of Vitamin C may ftlso be added 

to the composition to enhance the effect of the Hyaluronic Add adnunstered. 
Such amount may be up to 50 grams - 100 grams In ft dosage as Vitamin C b 
soluble and b excreted by the kidney although much lower amounts are 
normally used. Preferably the composition comprises ft form of hyahr/oruc arid, 

10 specifically pi tim e d hyaluronic add and/or salts thereof, an NSAXD and 
Vitamin C for admirustration for the pfrvenoon of the narrowing of the tubular 
walls (for example the prevention of arterial restenosis site balloon angioplasty. 

Thus according to another aspect of the mvexuion, the use of ft 
phannaosuuca) composition for the prevention of the narrowing of the tubular 

15 walls of an animal after the tubular walls hare been treumanzed is provided, me 
use being of a pharmaceutical composition comprising a mcapctrtiralry effective 
non-toxic amount of hyaluronic add and/or salts thereof and/or hocootogues, 
analogues, derivatives, complexes, esters, fxagrnrrttt, and subunits of hymhiroruc 
acid in ftssodation with ft suitable diluent or pharmaceutical^ acceptable carzier 

20 or other adjuvants to prevent narrowing of the tubular wafts. Preferably the 
form of hyaluronic add is hyaluronic add and salts thereof. 

According to Another aspect of the invention, the sue of ft 
pharmaceutical composition for the prevention of arterial restenosis ftfter 
balloon angioplasty in a human is provided, the use being of a pharmaceutical 

25 composition comprising ft therapeutically effective non-toxic amount of 
hyaluronic add and/or salts and/or homologies, analogues, derivatives, 
complexes, esters, fragments, end subunits of hyaluronic add m asarHatirm with 
a suitable diluent pharmamiHraTly acceptable carrier or other adjuvants to 
prevent arterial restenosis preferably the form of hyaluronic add Is st Wiled from 
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ryaluroofc »od and salts thereof end the amount of the form of hyaluronic add 
Is oefween About ltang/70kg penes and about 3000mg/7ttg person. 

In one embodiment the farm of the pharmaceutical composition is 
for mtrsvenous adn^inistratton, 

5 According to still mother aspect of the invention, the 

pharmaceutical composition rarnprtat* a therapeutically effective amount of 
non-steroidal antiinflammatory drug {KSAH» tor example Diclofenac, 
Indomethada tsolublUzed la N-Methyl Glucamlne), rtroxican, the 
trome&amine salt of Ketorolac, acetyisalkylic add and the like lor enhancing fee 

30 effect c* the fbra of hyahmmk add in the preveiition of the narrowing of the 
tubular walk 

Thus according to another aspect of the invention, the tut of a 
pharmaceutical composition for the prevention of arterial restenosis after 
balloon angioplasty Is provided, the oat being of a pharmaceutical oompoaition 

15 comprising a therapeutically effective non-toxic amount of hyaluronic add 
and/or salt* thereof in association with a suitable diluent or phannaceutkally 
acceptable carrier or other adjuvants to prevent arterial restenosis (by 
adtrunutration for example intravenously of the composition). lit some 
embodiments the amount of the hyaluronic add and/or salts thereof k between 

30 about 1feng/70kg person and about SOOGsng /7Dkg person. The ccanposttion may 
further comprise a therapeutically effective amount of a non-steroidal antt* 
irulammatory drug (NSAID) for rr**™^c the arterial restenosis prevention 
efrcet of the administered hyaluronic add and/or salts thereof administered- The 
KSAID may be at accepted appropriate doses depending on the N5AID far 

25 example up to about 10mg/7Qkg of body weight (for example l-2mg of N5AID/kg 
of body wdghtX The appropriate doae for Diclofenac u much greater. Where it 
Is desired to use a dose excess of NSAJD, the amount of hyaluronic add and salts 
thereof preferably exceeds about 20Omg/7Qkg person. 

The coinpodtion may further comprise a therapeutically effective 
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amount of Vitamin C for enhancing the effect* of the form of hyaluronic add to 
prevent narrowing of the tubular walls. The Vitamin C may be need in Urge 
amount* Hot example even 50-100 grams) although much smaller amounts are 

suiUble. 

5 According to another aspect of the invention the use of; 

an effective lum-tosde amount of hyaluronic *cid and/or salt* 
thereof and /or homologies, analogues, derivatives, complexes, esters, 
fragments, and summits of hyaluronic add, 

in the manufacture of a pharmaceutical pjeryc«ipop Is provided foe 

10 preventing the narrowing of the tubular walls of an animal after the tubular 
walls have been traumatized: the qk being characterized by a therapeutically 
effective non-toxic amount of hyaluronic add and/or salts thereof and/or 
homologuet, analogue*, derivatives, complexes, eaters, fragments, and subunits 
of hyaluronic add being incorporated into the pharmaceutical composition and 

15 being sufficient and effective to prevent the narrowing of the tubular walls 
which were traumatized as far example the arteries being damaged after balloon 
angioplasty. Preferably the form of hyaluronic add is hyaluronic add and/or 
salts thereof and the composition is m a liquid form. Preferably, the farm of 
hyaluronic acid is utilized at a dose between about lOmg to about 3000mg/70fcg 

3D person and more preferably tbe form of hyaluronic add is utilized at a dose 
greater than 200cng/70kg person. 

In one irmbw 11 **— " the pharmaceutical composition is for 
prevention of arterial restenosis after balloon angioplasty in humans. 

According to another aspect of the mvcntiotv, the use oc 

25 Ct> hyaluronic add and/or salts thereof and/or fcomologues, 

analogues, derivatives, complexes, esters, fragments, and subunlts of hyaluronic 
add, and 

G) an agent, selected from a svx*-*teroidal enti-irtBammatory 
drug (KSAZD) and Vuamin C and oombmabons thereof is provided 
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In the manufacture of a pharmaceutical competition (including 
dJuents, adjuvants and other carriers) lor preventing the narrowing of the 
tubular walls of an animal after the tubular walk have been traumatized 
wherein a therapeutically affective amount of the hyaluronic add nnd/or iah» 

5 thereof and/or homology es, analogues, derivative*, complexes, esters, 
fragments, and subunlts of hyaluronic add is administered to hwnans together 
with • therapeutically effective amount of the agent <2), the uae being 
characterized in that the amount of component (1) is an effective amount lo 
prevent the tumowing of the tubular walk of the animal and component O) 

10 enhances the effect of c omp o n ent (1) m the prevention of the narrowing of the 
tubular walls. 

Preferably component (2) is hyaluronic add and/or aafc* thereof and 
the composition is in a liquid form (for example for intravenooa we or 
injection). Preferably component CD is utilized at a dcee between about lumg to 

15 about 3000zng/70ag person and more preferably component CD if tttffized at % 
dose greater than 200mg/7Dkg person, 

Component 2 is utilized at amounts effective to enhance the effect 
of Cornponentl. Vitamin C may be utilized in amourits up to 50 - 100 c^ms per 
dose although much smaller amounts are mote desirable. The NSAID can be 

20 administered fat nonuLDy acceptable dose amounts depending on the NSAID- 
With scene NSAID5 the amounts are 1 -2xng of NSAID per Kg of body weight, in 
others up to about lOmg per kg bodyweight and in others such as Di dofenac, 
much larger amounts. Where the NSAID Is used in dose excesses (greater 
amounts man the normally acceptable dose amounts, the amount of the form of 

25 hyaluronic add exceeds about 20Qxng per 70kg person. Suitable N5AJDS are 
Diclofenac Pboxicanv mdomethadn (solubilized in N-methyl ejucamine), 
ao-tytsahcyiic add, ± oorx«thamine salt of Ketorolac, naproxen and the Bee. 

According to another aspect of the invention a pharmaceutical 
composition is provided comprising (together with diluent* as required) an 
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effective noit-toxic amount of hyaluronic add awl/or ealta thereof mad/ear 
hocnologuo, analog^ies, derivatives, complexes, esters, fragments, and subunits 
of hyaluronic acid, for preventing the narrowing of the tubular wall* of an 
animal after the tubular walls have been traumatized thi composition being 

5 characterized by art effective nan-toodc amount of hyaturcoicadd and/or salts 
thereof and/or homologues, analogues, derivatives, complexes, esters, 
fragments, and submits of hyahxronir add being incorporated into the 
pharmaceutical composition to prevent the narrowing of the tubular walk. 
Preferably the form of hyaluronic add is hyaluronic add and/or sate thereof and 

10 preferably the composition is in a liquid form (for example an mtreveneous 
CLVO form In an LV. bag with diluents and phannaceutically acceptable carriers 
and adjuvants). Tne form of hyaluronic add may be utilized at doses between 
about lOmg to about 300feng/70kg person and preferably the form of hyaluronic 
»cki is utilized at a dose greater ti^ 

15 excesses of NSAIDS are employed), in one embodiment the pharmaceutical 
cosipodtiott is for prevention of arterial restenosis after balloon angioplasty m 
humans. 

According to another aspect of the invention, a pharmaceutical 
composition is provided comprising (together with diluents, adjuvants and 
3D otter phirmaceuticaUy acceptable carriers as and if desired); 

(1) hyaluronic add and/or salts thereof and/or homologues, 
analogues, derivatives, complexes, esters, fragments, and subunits of hyaluronic 
arkl and 

CD an agent selected from a non-steroidal and-milammatory 
35 drug and Vitamin C and cociVnnatkms thereof 

far preventing the tumowmg ^ tubular walls an anteal after 
the tubular walls have been traumatized; the composition being characterized by 
an effective norrtoxfc amount of hyaluronic add and/or salts thereof and/or 
sinologues, analogues, derivatives, complexes, esters, fragments, and subunits 
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of hyaluronic add being incorporated into the composition together with a 
therapeutically effective amount of the agent C2), to prevent tubular wall 
narrowing, the aimpoaltion being characterized that the amount of component 
0) is an effective amount to prevent the narrowing of the tubular walls of the 

5 animal and the amount of component Q) enhances the effect of component (1) 
in the prevention of the narrowing of the tubular walls. Preferably component 
(I) it hyaluronic add and/or salts thereof and preferably in a liquid dosage form, 
for example In an Intravenous form O-V. Bag). In tome embodiments 
component (I) may be utilized at a dot* between about lOmg to about 

10 3000mg/70kg person. fWerabry component 0) is util i zed at a doae greater man 
200mg/70kg person where dose excesses of the NSAID of component CO an 
utilized. In one embodiment the pharmaceutical rrr****™ Is sot prevention 
of arterial restenosis after balloon angioplasty m humans. 

Component 2 b utilized at amounts effective to enhance the effect 

15 of Component I. Vitamin C may be utilized in amounts up to 50 - 100 grams par 
dose. The NSAID can be administered in appropriate dose amounts depending 
on the NSAID and if given in excess amounts the amount of the form of 
hyaluronic acid preferably exceed) about 200mg per 70kg person. Suitable 
NSAXDS are Diclofenac, Fircedcain, Indomethadn (solubilized in N-methyl 

20 glucaxrune), acetylsalicyuc add, + troaethamine salt of Ketorolac naproxen and 
the like. 

When the composition concise * an agent selected tram NSAID 
and Vitamin C and combinations thereof. Applicants postulate that the 
hyaluronic acid and/ or salts thereof and/or the nomologues, analogues, 
25 derivatives, complexes, eaters, fragments, and/or sub units of hyaluronic add 
facilitate me transport of the agent to the site of irritation to stable the agent to 
penetrate the cells On the artery, endothelial cells) which together will help 
prevent for example arterial restenosis. 

By way of example and to illustrate the facilitation of the delivery or 
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transport of ft chemical to a lite in a mammal, when ethyl alcohol b injected 
diiectiy into a cancer tumor, end sonographic (ultrasound) wsessment is made, It 
is not dispersed throughout the tumor. When the ethyl alcohol to he 
Administered into a tumor is carried by hyaluronic add and/or salts thereof, 

5 sonographic assessment of the tumor, demonstrates the dispersion of die ethyl 
Alcohol throughout the tumor. 

While Applicants postulate that the hyaluronic aod facilitates the 
transport and delivery. Applicants' invention may be used a* described 
irrespective of the actual method of operation of the hyaluronic add and/or salt* 

ID thereof and/or the tasnologues, analogues, derivatives, complexes, eaters, 
fragments and sub units of hyahrronic add with the NSAID and Vitamin C 

The combination of hyaluronic add and salts thereof end other 
forms with different chemicals and drugs (Vitamin C, and NSAIDS) altera their 
distribution end performance m the human body and produces en unusual 

15 targeting for underperfoned tissue end/of pathological tissue, m this regard the 
use of ascorbic add (Viunun O a* a free radical scavenger (50 gm dairy - 1000 
tunes the daily dote in therapeutic purposes as a Vitamin) a dm i nis tered 
intravenously with 300 - 500mg of hyaluronic add (sodium hyaluronate) 
immediately relieves bone pain and musde pam and reduces taflammstirm to 

2D cancer patients. The hyaluronic add enhances the anil-fteoplasnc activity and 
effect of the ascorbic add. It is thought that this enhanced activity eliminates the 
free radicals by acting as a free radical scavenger. In any event the patients feel 
better. This is also demonstrated with rurosemide and hyaluronic add where the 
activity of furc*emide Is enhanced only minimally when administered with 

25 hyaluronic add to a "nonnaT subject but the activity is enhanced significantly 
when administered to ft patient whose kidney is underperfused or 
malhmctioning due to insufficient mtrm- vascular volume. 

A similar eituaooo occurs with the NSAIDS. As a major amount 
of soluble buiorrethadn is required, the chemical product was solubuazed using 
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i\-mciayl glucamine at a dilution of 5mg/ml of n-methyl glucamine (NMG). 
This substance is then passed through a 22 micron Milipore™ filter to produce 
sterility. This material is non-toxic at 16 fold the therapeutic dose in animals and 
for this reason was considered appropriate to be used in human conditions. 
5 Thus, Indocid™ sohibilized in NMG is administered to human patients either 
into a rumor intraperitoneally, intrapleurally, or intravascular^ at a varying 
dose up to 10 mg/kg where each dose of indomethacin is combined with 200 - 
lOOOmg of hyaluronic acid (for example TifeCore™" hyaluronic arid [sodium 
hyaluronate]) diluted in the original solution of indomethacin and NMG with 

10 forexample the TifeCore™* hyaluronic acid. This produces an appropriate 
mixture and can be administered safely by any of the routes. (Similar clinical 
studies have been done with hyaluronic acid prepared by other methods, i.e. 
extraction. The extracted material is satisfactory to use for intrarumor, 
intraperitoneal or intrapleural use with this substance.] 

15 Thus when an NSAID foT example indomethacin (dissolved in n- 

methyl glucamine) or other NSAID is administered with greater than 200mg 
hyaluronic acid for 1 - 2 mg/kg body weight of the NSAID (in one instance 
indomethacin and NMG), no major toxic side effects occur such as gastro- 
intestinal distress, neurological abnormalities, depression, etc., even at elevated 

20 amounts of indomethacin (if necessary). If the amount of hyaluronic acid is 
decreased below that amount, the usual side effects may begin to reoccur. In 
addition, the responses that have been observed are superior when the NSAID 
(for example Indocid™) is combined with hyaluronic arid demonstrating dearly 
that the combination is now "targeting* to the pathological tissue even when 

25 administered by the systemic intravenous route. Thus, it has been observed that 
patients with neoplastic diseases when receiving in addition to other chemicals 
(for example ascorbic arid [Vitamin C], phloretin and anti-cancer drugs), 50 - 200 
mg NSAID - hyaluronic arid (sodium hyaluronate) (for example indomethacin 
and hyaluronic arid) experience dramatic relief of pain immediately. This is 
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followed within a short period of time by a resolution and resorbtion of 
nropltstic lesion* wilh an taprovement of pulmonary, and liver function if 
there b tumor present in these organ*. Thus the dead tumor material and the 
debris and tumor toxin* appear to be better eliminated by tha body through the 

5 actkm of Ac macrophages whose activity ft* enhanced by the addition of the 
KSA2D for a steroidal entHnflanunatory drug) administered with hyaluronic 
Add (or aah or other form thereof). 7bu* Applicant* belief thai the addition of 
the NSAXD for example wilh hyaluronic add (sodium hyalunsiate) deblock* fee 
macrophages by preventing enzymatic production of prostaglandin synthetase 

10 which blocks macrophage functioning. Thui the hyaluronic add (and aalt and 
other forms) not only enhance the activity of me KSAID but also reduce any aide 
effects and toxicity mat is asaodated with me use of the pros t agla n di n synthesis 
inhibitors. 

The hyaluronic add and aalti thereof may be utilized at varying 
15 dose* - 10 to 1000 xng/70 kg person. As there i* no toxicity, the hyaluronic add 
on obviously be administered in a dose excess (for example 3000 mg/7D kg 
individual) without any adverse effects. 

One form of hyaluronic add and/or salts thereof (for example 
sodium salt) and homologues, analogues, derivatives, complexes, esters, 
20 fragments, and sub units of hyaluronic add preferably hyaluronic add and salts 
and mereof suitable for use with Applicants invention is a fraction supplied by 
Sterivet Laboratories limited (now Hyal Pharmaceutical Corporation). One such 
friction is a 15 ml vial of Sodium hyaluronate 20mg/ml BOOmg/ vial - lot 2F3X 
Tbe sodium hyaluronate fraction is a » solution with a mean average 
25 molecular weght of about 223,000. Th* fractkm also eontems w 

triple disused and sterile in accordance with the US*Y. for injection 
ftsmmanon*. The vial* of hyahironic add and/or salts mereof may be carried in 
a Type 1 bccodlicate glass vial dosed by a butyl atefpex which doe* not wilh 
the contents of the viat 
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The fraction of hyaluronic add and/or salts thereof (for example 
sodium salt) and homoiogues, analogue*, derivative*, complexes, esters, 
fragment*, and rob unit* of hyaluronic add. preferably hyaluronic add and sahs 
thereof may comprise hyaluronic add and/or salt* thereof having the JoUowmg 
characteristics: 

a purified, subatantUlly o y iu ge n- f ree fraction of hyaluronic add 
obtained from a natural source hiving at least one characteristic selected from 
the group consisting of the following: 

0 a molecular weight within the range of 150,000-225,000; 

ti) lest than about 125% aulphated maicopdy-aaoAarides on a 
total wdght basis; 

UT) less than about <U% protein on a total weight basis; 

iw) less than about 150 ppm iron on a total weight basis; 

v) less than about 15 ppm lead on a total weight bads; 

vO teas than 00025% ghimaaminc; 

viD less man 0.025% glucuronic add; 

viiD less than 0-025% h^cetylghicosamine: 

fa) less man &0025% amino adds; 

x) a UV gcdnction ooefficifnt at 257 nm of lass than about 027$; 
aD aXJV extinction coefficient at 280 nm of lea* than about 02% 

and 

xg> apH within the range of 73*73. Preferably the hyaluronic 
add is mixed with water and the fraction of hyaluronic add fraction has a mean 
average molecular we^wtthin the rang* of 15O,D00-;r25j0Oa More preferably 
the fraction of hyaluronic add comprises at least one characteristic wl rcirrt from 
the group consisting of the following characteristics: 

0 leas than about 1% aurphated mucopc4ysaccharides on a total 

weight basis; 

ii) Jess than about 0.4% protein on a total weight basis; 
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lit) fast than About tOO ppm lion on * tot*! weight basis; 

iv) less than about 10 ppen lead on a total weight beds; 

v) less than (100166% glucoMsune; 
tO less thin 0.0166% glucuronic add; 

5 vii) less than 00166% K-acetylghicossmfake; - . 

viil) lets than (100166% aiaino adds; 

3d s UVexfaciic*»eoefficiemat:^nm 

d) a UV ertrrcrtion mrfficSffit at 280 xun of less than 0.19; and 

xH) a pH within the range of 73-77 
10 Other forms of hyaluronic add and/or Its salts, and hamoiogues, 

derivatives, complexes, esters, fragments a^ s^ units of hyaluronic add siay be 
chosen from other suppliers, for example thoat described in prior art documents, 
bi addition Applicants propose the use of sodium hyataronate produced and 
supplied by UfeCore™ BirrnmriicaL Inc. having the following spsdficahons 



IS 



30 



Qwittsririg SpcdfiCTtfgn 

Appearance White to cresset 

colored particles 

Odor No perceptible odor 

Viscosity Average <730JD00 Dshons 
Molecular Weight 

UV/Vb Scan, 190-£20nm Matches reference scan 

OO, 2fi0nm < 0*25 OD units 

Hyaluranidase Sensitivity Fadtive response 
XR Scan 



pH, lOmg/g solution 



£2-7* 



to 



15 



20 
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Water 

Protein 

Acetate 



<0-3mcg/in$NiHy 
<mOmcg/tt$NiHy 



Heavy Metals, maximum ppxn 

As Cd & Go Cu F* R> Ni 
10 SO SO 1(10 10J) 25J) ICtO 1CL0 SS> 



Microbial Bioburdcn 
Endotoxin 

Btologknl Safety Toting 



None uU a uttd 

<<L07EU/mgNaHy 

Pa*«* lUbbh Ocular 
Tooddty Test 



j The loGowing r e f ere nc ea taach hyaluronic add, sources thereof and 
proatsse* of the manufacture and recovery thereof. 

United States Patent 4,141,973 teaches hysluronlc acid fractions 
Gndurfing aodnnn sate) having: 



•(a) an average molecular weight greater than about 
preferably greater dan about 1,200,000 - that is, a limiting 
25 viscosity mnnber greater than about 1400 cwVg^ end preferably 

greater than about 200D co?/g4 

(b) a protein content of less than 05% by weight 

(c) ultraviolet tight abtorbance of a 1% solution of sodium 
hyahironate of Ices than 3j0 at tonometers wavtsengw and 

30 lsthanX0at280iuuttKrieteTSWivele^ 

<d> a Uncxnaiic viscosity of a 1* solution of aodium 
fcythxronate in physiological buffer greater than about 1000 
centiatofcet, preferably greater than 1^000 osuistokes; 
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(e) * molar optical rotation of • 0.1 - C.2% »odinm 
hyaluronate solution In physiological buffer of Km than -11 X 
1CP degree - co^/xnok (of cttsaccharide) measured at 220 
nanometers; 

5 U) no significant cellular infiltration of the vitreous and 

anterior chamber, no flare in the aqueous humor, no ha» or 
flare in the vitreous and no pathological changes to the cornea, 
lent, iris, retina, and choroid erf the owl monkey eye when one 
milliliter of a 1% aoiution of sodium hyaluronate dissolved In 

10 physiological buffer is implanted In Che vitreous replacing 

approximately one-half the easting Bquid vitreous, said HI/A 
being 

(g) sterile and pyrogen free and 

(h) nort-antigenlc.* 

25 Canadian Letters Patent 1,205,031 (which refers to United States 

Patent 4*141973 as prior art) refers to hyaluronic add fractions having average 
molecular weights of from 5O000 to 100,000; 250,000 to 350,000; and 50OD00 to 
730,000 and dtmmtf uiutta e cs of their manufacture. 

Where high mnlrnikr weight hyaluronic add (or salts or other 
20 farms mereof) is used It must be diluted to permit a&rdrustration and ensure no 
intramuscular coagulation. 

One formulation of Ascorbic Add (Vitamin O injection TJSP ia 
manufacrurad by Seeds laboratories, lac* Phoenix. Arizona. €5043 US-A and 
comprises 22 mg/ml (equivalent to sodium aseorbate 250 ang/mP m 30ml 50ml, 
25 or lOCknl mdjTidual containers, 30ml size bring prcferrad. 

As many changes can be made to the invention without departing 
from the scope of the mventiorv it is intended that aS material contained herein 
by interpreted as Ofostrative of the mventkm and not m a touting sense. 
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-*"HE EMBODIMENTS OF THE INVENTION IN WHICH AS EXCLUSIVE 
I'ROFLRTY OR PRIVILEGE IS CLAIMED ARE AS FOLLOWS: 



1. A method of preparing a pharmaceutical- composition for use in the 
prevention of the narrowing of the tubular walls of an animal by the 
proliferation of endothelial cell growth in the area of trauma after the tubular 
walls have been traumatized, which method comprises incorporating a 
therapeutically effective non-toxic amount of hyaluronic acid and/or salts 
thereof and/or homologues, analogues, derivatives, complexes, esters, 
fragments, and subunits of hyaluronic acid in the composition to the animal to 
prevent narrowing of the tubular walls. 

2. The method of Claim 1, wherein the form of hyaluronic acid is 
selected from hyaluronic acid and salts thereof, having a molecular weight less 
than 750,000 daltbns. 

3. The method of Claim 1, wherein the tubular walls are arteries 
which have been subjected to balloon angioplasty. 

4. The method of Claim 1, 2 or 3, wherein the amount of the form of 
hyaluronic acid is between about 10mg/70kg person and about 3000mg /70kg 
person. 

. 5. A method of preparing a pharmaceutical composition for use in the 

prevention of arterial restenosis after balloon angioplasty in a human, which 
method comprises incorporating a therapeutically effective non-toxic amount of 
hyaluronic acid and/or salts thereof and/or homologues, analogues, derivatives, 
complexes, esters, fragments, and subunits of hyaluronic acid in the composition 
to the human to prevent arterial restenosis* 
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6. The method of Claim 5, wherein the form of hyaluronic acid is 
selected from hyaluronic acid and salts thereof, having a molecular weight less 
than 750,000 daltons, 

7. The method of Claim 5 or 6, wherein the amount of the form of 
hyaluronic acid is between about 10mg/70kg person and about 3Q0Omg/7Okg 
person. 

8. The method of Claim 1 # 2 or 3 wherein the composition is in 
intravenous form. 

9. The method of Claim 5 or 6 wherein the composition is in 
intrax'enous form. 

10. The method of Claim 1, 2 or 3 wherein the composition further 
comprises a therapeutically effective amount of a non-steroidal anti- 
inflammatory drug (NSAID) for enhancing the effect of the form of hyaluronic 
arid in the composition for use in the prevention of the narrowing of the tubular 
walls, 

11. The method of Claim 5 or 6 wherein the composition further 
comprises an effective amount of a non-steroidal anti-inflammatory drug 
(N5A1D) for enhancing the eSffect of the form of hyaluronic acid in the 
composition for use in the prevention of the arterial restenosis. 

12. A method of preparing a pharmaceutical composition for use in the 
prevention of arterial restenosis after balloon angioplasty, which method 
comprises incorporating a therapeutically effective non-toxic amount of 
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p ivaluronic acid and/or salts thereof in the composition to prevent arterial 

restenosis. 

13. The method of Claim 12, wherein the amount of the hyaluronic 
acid and/or salts thereof is between about 10mg/70kg person and about 
3000mg/70kg person, and the hyaluronic acid and/or salts thereof have a 
molecular weight less than 750,000 daltons. 

14. The method of Claim 13 wherein the composition hiTther 
comprises a therapeutically effective amount of an agent selected from a non- 
steroidal anti-inflammatory drug (NSAID) and Vitamin C and combinations 
thereof for enhancing the arterial restenosis prevention effect of the 
administered hyaluronic acid and/or salts thereof in the composition. 

15. The method of Claim 13 wherein the composition further 
comprises an agent selected from a non-steroidal anti-inflammatory drug 
(KSAID) and Vitamin C and combinations thereof for enhancing the arterial 
restenosis prevention effect of the hyaluronic acid and /or salts thereof in the 
composition, the non-steroidal anti-inflammatory drug being selected in such 
amount to be effective in enhancing the arterial restenosis prevention effect of 
the hyaluronic acid and /or salts thereof in the composition. 

16. The method of Claim 14 or 15 wherein the amount of the NSAID is 
a dose excess of the NSAID and the amount of hyaluronic acid and salts thereof 
exceeds about 200mg /70kg person. 

17. The method of Claim 1, 2, 5, 6, 10, 11, 12, 13 or 16 wherein the 
composition further comprises an effective amount of Vitamin C for enhancing 
the effect of the form of hyaluronic acid in the composition for the prevention of 



A 



:he narrowing of the tubular walls. 



18. The use of a pharmaceutical composition for the prevention of the 
narrowing of the tubular walls of an animal by the proliferation of endothelial 
cell growth in the area of trauma after the tubular walls have been traumatized, 
the use being of a pharmaceutical composition comprising a therapeutically 
effective non-toxic amount of hyaluronic acid and/or salts thereof and/or 
homologies, analogues, derivatives, complexes, esters, fragments, and subunits 
of hyaluronic acid in association with a suitable diluent or pharmaceuticaUy 
acceptable carrier to prevent narrowing of the tubular walls.. 

19. The use of Claim 16, wherein the form of hyaluronic acid is selected 
from hyaluronic acid and salts thereof, having a molecular weight less than 
750,000 daltons. 

20. The use of Claim 18, wherein the tubular walls are arteries which 
have been subjected to balloon angioplasty. 

21. The use of Claim 18, 19 or 20, wherein the amount of the form of 
hyaluronic acid administered is between about 10mg/70kg person and about 
3000mg /70kg person. 

22. The use of a pharmaceutical composition for the prevention of 
arterial restenosis after balloon angioplasty in a human, the use being of a 
pharmaceutical composition comprising a therapeutically effective non-toxic 
amount of hyaluronic acid and/or salts and /or homologues, analogues, 
derivatives, complexes, esters, fragments, and subunits of hyaluronic acid in 
association with a suitable diluent or pharmaceuticaUy acceptable carrier to 
prevent arterial restenosis. 
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23. The use of Claim 22, wherein the form of hyaluronic add is selected 
from hyaluronic add and salts thereof, having a molecular weight less than 
750,000 daltons. 

24. The use of Claim 23, wherein the amount of the form of hyaluronic 
acid is between about 10mg/70kg person and about 3000mg/70kg person. 

25. The use of Claim 18, 19, 20, or 22, wherein the form of the 
pharmaceutical composition is for intravenous administration. 

26. The use of any of the Claims 18, 19, 22, 23 or 24 further comprising a 
therapeutically effective amount of non-steroidal anti-inflammatory drug 
(N5AID) for enhancing the effect of the form of hyaluronic acid in the 
prevention of the narrowing of the tubular walk. 

27. The use of a pharmaceutical composition for the prevention of 
arterial restenosis after balloon angioplasty, the use being of a pharmaceutical 
composition comprising a therapeutically effective non- toxic amount of 
hyaluronic acid and/or salts thereof in association with a suitable diluent or 
phannaceurically acceptable carrier to prevent arterial restenosis. 

28. The use of Claim 27, wherein the amount of the hyaluronic acid 
and/or salts thereof is between about 10mg/70kg person and about 3000mg /70kg 
person, and the hyaluronic acid and/or salts thereof has a molecular weight less 
than 750,000 daltons. 

29. The use of Claim 27 or 28 further comprising an agent selected from 
a therapeutically effective amount of a non-steroidal anti-inflammatory drug 
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- iNSAID) and Vitamin C and combinations thereof for enhancing the arterial 
restenosis prevention effect of the administered hyaluronic acid and/or salts 
thereof administered. 

30. The use of Claim 27 or 28 further comprising an agent selected from 
a therapeutically effective amount of a non-steroidal anti-inflammatory drug 
(NSAID) and Vitamin C and combinations thereof for enhancing the arterial 
restenosis prevention effect of the hyaluronic acid and /or salts thereof 
administered, the non-steroidal anti-inflammatory drug and Vitamin C being 
r elected in such amounts to be effective in enhancing the arterial restenosis 
prevention effect of the administered hyaluronic acid and /or salts thereof. 

31. The use of Claim 29 or 30 wherein the amount of the NSAID is a 
dose excess of the N5AID and the amount of hyaluronic acid and salts thereof 
exceeds about 200mg/70kg person. 

32. The use of Claim 18, 19, 22, 23, 24, 27 or 28, further comprising a 
therapeutically effective amount of Vitamin C for enhancing the effects of the 
form of hyaluronic acid to prevent narrowing of the tubular walls. 

33. The use of: . 

an effective non-toxic amount of hyaluronic acid and /or salts 
thereof and/or homologues / analogues, derivatives, complexes, esters, 
fragments, and subunits of hyaluronic add, 

in the manufacture of a pharmaceutical composition for preventing 
the narrowing of the tubular walls of an animal by the proliferation of 
endothelial cell growth in the area of trauma after the tubular walls havfe been 
traumatized, the use being characterized by an effective non-toxic amount of 
hyaluronic add and/or salts thereof and/or homologues, analogues, derivatives, 
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. .-ompJexes, esters, fragments, and subunits of hyaluronic arid being incorporated 
into the pharmaceutical composition. 

54. The use of Claim 33 wherein the form of hyaluronic acid is 

hyaluronic acid and/or salts thereof, having a molecular weight less than 750,OOD 
daltons. 

35. The use according to Claim 33 or Claim 34 in an intravenous form. 

36. The use of Claim 35 wherein the form of hyaluronic add is utilized 
at a dose between about lOrng to about 3000mg/70kg person! 

37. The use of Claim 35 wherein the form of hyaluronic acid is utilized 
at a dose greater than 200mg/70kg person. 

38. The use of Claim 36 or 37 wherein the pharmaceutical composition 
is for prevention of arterial restenosis after balloon angioplasty in humans. 

39. The use of; 

(1) hyaluronic acid and /or salts thereof and/or homologues, 
analogues, derivatives, complexes, esters, fragments, and subunits of hyaluronic 
acid, and 

(2) an agent selected from a non-steroidal anti-inflammatory 
drug and Vitamin C and combinations thereof 

in the manufacture of a pharmaceutical composition for preventing 
the narrowing of the tubular walls by the proliferation of endothelial cell growth 
in the area of trauma of an animal after the tubular walls have been traumatized 
wherein a therapeutically effective amount of the hyaluronic acid and /or salts 
thereof and /or homologues, analogues, derivatives, complexes, esters. 
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. fragments, and subunits of hyaluronic acid is administered to humans together 
with a therapeutically effective amount of the agent (2), the use being 
characterized in that the amount of component (1) is an effective amount to 
prevent the narrowing of. the tubular walls of the animal and component (2) 
enhances the effect of component (1) m the prevention of the narrowing of the 
tubular walls. 

40. The use of Claim 39 wherein component (2) is hyaluronic acid 
and /or salts thereof, having a molecular weight less than 750,000 daltons. 

41. The use according to Claim 39 or Claim 40 in a liquid form. 

41 The use of Claim 41, wherein component (1) is utilized at a dose 

between about 10mg/70kg person to about 3000mg/70kg person. 

43. The use of Claim 41, wherein component (1) is utilized at a dose 
greater than 200mg /70kg person. 

44. The use of Claim 42 or 43, wherein the pharmaceutical composition 
is for prevention of arterial restenosis after balloon angioplasty in humans. 

45. A pharmaceutical composition comprising, together with suitable 
diluents, as required an effective non-toxic amount of hyaluronic acid and/or 
salts thereof and/or homologues, analogues, derivatives/ complexes, esters, 
fragments, and subunits of hyaluronic acid, for preventing the narrowing of the 
tubular walls of an animal by the proliferation of endothelial cell growth in the 
area of trauma after the tubular walls have been traumatized, the composition 
being characterized by an effective non-toxic amount of hyaluronic acid and/or 
salts thereof and/or homologues, analogues, derivatives, complexes, esters, 
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fragments, and subunits of hyaluronic acid being incorporated into the 
pharmaceutical composition to prevent the narrowing of the tubular walls. 

46. The composition of Claim 45 wherein the form of hyaluronic add is 
hyaluronic acid and/or salts thereof, having a molecular weight less than 750,000 
daltons. 

47. The composition according to Claim 45 or Claim 46 in a liquid form. 



48. The composition of Claim 47 wherein the form of hyaluronic acid is 
utilized at a dose between about 10mg/70kg person to about 3000mg/70kg person. 

49. The composition of Claim 47 wherein the form of hyaluronic acid is 
utilized at a dose greater than 200mg/70kg person. 

50. The composition of Claim 48 or 49 wherein the pharmaceutical 
composition is for prevention of arterial restenosis after balloon angioplasty in 
humans. 

51- A pharmaceutical composition comprising together with diluents, 

adjuvants and other pharmaceutical carriers as desired; 

(1) hyaluronic acid and/or salts thereof and /or homologues, 
analogues, derivatives, complexes, esters, fragments, and subunits of hyaluronic 
acid, and 

(2) an agent selected from a non-steroidal anb-inflammatory 
drug and Vitamin C and combinations thereof 

for preventing the narrowing of the tubular walls of an animal by 
the proliferation of endothelial cell growth in the area of trauma after the 
tubular walls have been traumatized, the composition being characterized by an 
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effective non-toxic amount of hyaluronic acid and /or salts thereof and/or 
homologues, analogues, derivatives, complexes, esters, fragments, and subunits 
of hyaluronic acid being incorporated into the composition together with a 
therapeutically effective amount of agent (2), to prevent tubular wall narrowing, 
the composition being characterized that the amount of component (1) is an 
effective amount to prevent the narrowing of the tubular walls of the animal 
and component (2) enhances the effect of component (1) in the prevention of the 
narrowing of the tubular walls. 

52. The composition of Claim 51 wherein component (1) is hyaluronic 
acid and/or salts thereof, having a molecular weight less than 750,000 daltons. 

53. The composition according to Claim 51 or Claim 52 in a liquid form. 

54. The composition of Claim 53, wherein component (1) is utilized at a 
dose between about lOmg to about 3000mg/70kg person. 

55. The composition of Claim 54, wherein component (1) is utilized at a 
dose greater than 200mg/70kg person. 

56. The composition of Claim 54 or 55, wherein the pharmaceutical 
composition is for prevention of arterial restenosis after balloon angioplasty in 
humans. 

57. The composition of Claim 55, wherein agent (2) comprises a dose 
excess of NSAID. 
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